Engineering of quantum emissions is regarded as the heart of nano-optics and photonics; local density of optical states (LDOS) around the quantum emitters are critical to engineer quantum emissions, thus detection of the LDOS will impact areas related to illumination, communication, energy, and even quantum-informatics. In this report, we demonstrated a far-field approach to detect and quantify the near-field LDOS of a nanorod via using CdTe quantum dots (QDs) tethered to the surface of nanorods as beacons for optical read-outs. The spontaneous decay of QD emission in the proximity of nanorod was used as a ruler for elucidating the LDOS. Our analysis indicates that the LDOS of the nanorod at its ends is 2.35 times greater than that at the waist. Our approach can be applied for further evaluation and elucidation of the optical states of other programmed nanostructures.
INTRODUCTION.
Engineering and modulation of spontaneous emission of quantum emitters and understandings of their optical as well as the electronic scattering and propagation characteristics, is the heart of nano-optics and photonics [1] [2] [3] . The spontaneous emission is determined by the dipole transition momentum of the emitters and the surrounding local density of optical states (LDOS), which is defined as the imaginary part of the Green's function 4, 5 . The LDOS not only affects the optical properties of the surrounding quantum emitters, [6] [7] [8] but also significantly influences the chemical reactions that occur in the viscinity. 9, 10 It has been reported that metallic surfaces, 1,2,6,8 photonic crystals, [11] [12] [13] and quite recently hyperbolic metamaterials, 7 have been introduced to effectively manipulate the LDOS and control the emission of spontaneous emitters. In addition, recent studies on the interaction between spontaneous emitters and single nanostructures also demonstrated that spontaneous emission from quantum dots (QDs) can couple to and propagate in single nanowires depending on the LDOS on the nanowire.
14 Through a reverse process, QD emission excited by propagating surface plasmons was demonstrated via direct energy transfer without a photon conversion process. 15 Engineering spontaneous emission by manipulating the LDOS has significant implications in the fields of energy, communication, and quantum optics.
Considering the role of the LDOS in engineering the spontaneous emission, we will benefit more from the detection of the LDOS. Basically the fluorescence molecules were used as probes to detect the LDOS, however, the critical aspect of using single emitters to map LDOS lies in controlling the position of emitters. Random drop-casting emitters were often used to detect the LDOS, 3, 7 but the uncertainty in the position of emitters cannot guarantee the accuracy of detection; thus, a selectively functionalized substrate was applied to monitor the LDOS. 16 However, these methods detect the overall LDOS from nanostructures en masse, and not at a single nanostructure resolution. The break through method to detect the LDOS of a single nanostructure was proposed in 2002 by controlling the probes via nanopositioning. detect the LDOS in the far-field beyond the diffraction limit, but this approach can only detect the radiative modes of the LDOS, and poses high restrictions on the environment and operation. 20 To the best of our knowledge, a simple and robust method to detect and quantify the local photonic density of a single nanoscale structure in the far field does not exist.
In this letter, we report a far-field technique to map the near-field LDOS of single nanostructures without the intricacies involved in nanopositioning. Cadmium Telluride (CdTe) QDs as spontaneous emitters were uniformly conjugated to the surface of gold nanorods (Au NRs) by chemical modification, and the gap between QDs and Au NRs could be controlled and tuned by a thin layer of silica at nanometer precision. The LDOS of the Au NR is read out by recording the spontaneous decay of the QDs. The method presented will lead to a fast and convenient means to detect and quantify the photonic density for use in the design of photonic structures.
METHODS AND INSTRUMENTS.

CdTe QDs Fabrication.
CdTe QDs were synthesized by aqueous method according to the procedure described in ref. 21 . Briefly, Cd precursor solutions were prepared by mixing a solution of CdCl 2 in the presence of the stabilizer 3-mercaptopropionic acid (MPA), and then adjusted to a pH 8-9 with 1 M NaOH. The solution was deaerated with N 2 for 30 min and kept under vigorous stirring and the oxygen-free NaHTe solution was prepared according to the reference and injected. The typical molar ratio of Cd 2+ :NaHTe:MPA was 2:1:5 in our experiments. In our experiments, the CdTe precursors were heated at 95 °C at different times to control the size of CdTe QDs.
Long Gold Nanorod Fabrication.
Au Nanorod (NR) was fabricated by the three-step seeding method reported by Murphy and co-workers. 22 Long rods were concentrated and separated from spheres and surfactant by centrifugation. 100 mL of the particle solution was centrifuged at 2000 rpm for 6 min. The supernatant, containing mostly spheres, was removed and the solid part containing rods and some plates was redispersed in 1 mL of water.
Silica Shell Formation.
For a typical silica coating, 23 10 μL of a (3-mercaptopropyl) trimethoxysilane (MPTMS) solution (10 μL of MPTMS in 1 mL of ethanol) was added to 1 mL of the nanorod solution and stirred for 20 min. Next, 40 μL of a 2.0 M freshly prepared aqueous sodium silicate solution was added and stirring continued for another 20 min. The solution was allowed to sit at room temperature overnight and directly used for TEM analysis.
Excess MPTMS, sodium silicate, CTAB and reaction byproduct were removed by centrifugation at 3000 rpm for 6 min. The supernatant was then discarded, and the rods were redispersed in water.
QDs-functionalized Gold Nanorod Fabrication.
A layer of QDs was attached to the silica-coated gold nanorods by first converting the silica shell surface into a carboxylation reactive surface by reacting with 3-Aminopropyl triethoxysilane (APTES).
Specifically, an aqueous 1 mL solution of silica-coated rods at pH 8 in water was reacted with an ethanolic solution of APTES (10 mM, 10 μL) at room temperature for 6 hours (/overnight) to ensure the condensation reaction of APTES with the surface silanol groups. Carboxylate-modified quantum dots were then added together with the reducing agent, 1-Ethyl-3-(3-dimethylaminopropyl) carbodiimide hydrochloride (EDC), (EDC added prior to the addition of QD) to the amine-silane-modified gold nanorod solution and left to react for 1 h at room temperature (at the same time, the sample was stirred centrifuged a redispersed in Fig. 1 proport coated
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Equation (2) depicts the relationship between the radiative decay rate, rad γ of the emitter and the observed spontaneous decay lifetimeτ . In equation (2), I is the photoluminescence intensity from the emitter; a is the absorption by the emitter. Parameters associated with QDs on the AuNRs and in vacuum are indicated with a superscript "Rod" and "Vac", respectively.
When comparing the radiative decay rate of QDs at the waist and ends of the AuNR, the following relationship could be stated:
We already observed from Fig. 2 that the intensity of QDs on AuNRs has a uniform distribution, and for QDs on a AuNR, the absorption towards the excitation light can be regarded equal. Combining equation (1) and (3) by taking values of fluorescent intensity obtained from Fig. 3(a) and lifetime values from Fig. 3(b) , one can calculate the ratio between the LDOS at the end of a AuNR and the LDOS on the waist, which is about 2.35 times. This is the first experimental quantification of the near-field LDOS of a nanorod using far-field methods. It is worth noting that here we use chemical conjugation method to precisely localize QDs 5 nm apart from the AuNR, and quantify the LDOS 5 nm from the AuNR. Considering the uniformity of the distribution of QDs on the AuNR, the emission behavior exactly reveals the near-field LDOS of an AuNR. By varying the thickness of silica layer between QDs and AuNRs, one can obtain detailed 3-D near-field LDOS distribution of the AuNR. While for nanopositioning technique, it's difficult to precisely control the nano-probe as close as 5 nm to the AuNRs; in addition, the LDOS of the AuNR would be dramatically changed if a nano-sized probe is approaching it.
CONCLUSION.
To summarize, we have demonstrated a new platform to detect the LDOS of a nanoscale metallic structure in the far field. QDs were covalently attached to the surface of Au NRs via chemical conjugation for evaluation and their interacting distances with the nanorods were controlled at nanometer resolution. Fluorescence lifetime imaging of QDs on the nanorod indicates that the LDOS at the ends of the nanostructure were greater than their effect at the waist. Our analytical study suggests that the lifetime mapping is related to the radiative decay of QDs on the NR, and was confirmed by numerical simulation. The developed methods can be widely applied to evaluate the LDOS of other nanostructures and meta-materials to promote the design and development of novel photonic and quantum devices.
